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Genetic mutations disrupting human neural tube formation can lead to birth defects such as spina 
bifida and anencephaly. Defects can result in lack of neural tube closure in either the caudal 
(spina bifida) or cranial (anencephaly) regions. Little is known about the genes that cause these 
malformations. Researchers have been using the model organism Drosophila melanogaster in an 
attempt to determine genes responsible for neural tube malformations. Recently, an ortholog of 
human chitin-like protein, imaginal disc growth factor 3 (Idgf3), has been identified as important 
in the proper formation of Drosophila egg dorsal appendages. However, the molecular 
mechanism responsible for the malformation is not yet known, therefore a genetic screen will 
allow us to identify other genes in the pathway. The creation of small genomic deletions will 
allow us to determine the genetic interaction responsible for dorsal appendage malformation. 
Thus far, no deletions have been completed. Transposable pieces of DNA (P-elements) will also 
be screened for an interaction with Idgf3. P-element screens have begun but are not completed at 
this time. If we can determine the gene responsible in Drosophila, it would provide greater 




Developmental biologists seek to answer the question of the causes of morphological 
abnormalities, especially when it relates to neural tube malformation due to the high lethality 
associated with the defects. Researchers draw hypotheses on this matter through the 
determination of developmental patterns. Knowing which genes are responsible for epithelial 
tube morphogenesis would provide valuable information regarding epithelial tube malformation. 
Neural tube defects are one example of lack of epithelial tube closure. The lack of neural tube 
closure can be seen in the vertebrate malformations of anencephaly – lack of closure in the 
cranial region, and spina bifida – lack of neural tube closure in the caudal region 
(https://medlineplus.gov/neuraltubedefects.html). In exploring such genetic interactions, 
Drosophila melanogaster provides a model organism which may be used to determine genetic 
interactions regarding epithelial tube formation.  
 
In Drosophila melanogaster, we know the mechanism of epithelial tube formation, specifically 
in egg formation, from genetic mapping and experiments involving their dorsal appendages. The 
dorsal appendages on the Drosophila eggs have been studied in depth providing insight into their 
formation. The dorsal appendages are found to be a model system because other epithelial 
tissues’ development follows a similar process (Osterfield et al., 2017). In many cases, 
specialized tissues form through epithelial tube morphogenesis – simple, flat epithelial cells 
deform into three-dimensional structures. This involves the establishment of spatial arrangement 
and distinct cues to stimulate cell differentiation (Osterfield et al., 2017). 
 
The dorsal appendages are formed from two separate cell types: the floor and roof cells – which 
form the floor and roof of the tube respectively. One particular piece of patterning that is similar 
in both flies and vertebrates is the “wrapping” that dorsal-appendage-forming cells undergo 
(Osterfield et al., 2017). This same mechanism is responsible for vertebrae neural tube formation 
(Figure 1). What has yet to be discovered are the genes involved in the wrapping mechanism.  
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The Drosophila eggshell provides an attractive model for studying such epithelial patterning and 
morphogenesis due to its relative simplicity and ease of handling (Osterfield et al., 2017). Their 
morphology also serves as a model for tube formation in other organisms (Figure 1). Using this 
similarity to our advantage, mutation of the dorsal appendage forming genes would allow us to 
identify possible genetic interactions that result in neural tube malformation. One particular gene 
that appears to be involved in dorsal appendage formation is Idgf3. 
 
Previous research illustrates that the human chitinase-like gene (Idgf3) appears to be responsible 
for the malformation of epithelial tubes (Zimmerman et al., 2017). It is also known that 
overexpression of Idgf3 results in both moderate and severe dorsal appendage defects (Figure 2). 
We want to find the genetic interactions responsible for the malformation. Using a genetic screen 
for suppressors and enhancers, our collaborators have found one large deletion on the 3L 
chromosome with an enhancer phenotype. We want to know the specific malformation-causing 
gene in the enhancer deletion. We can implement the use of P-elements to observe if there is any 
effect present when Idgf3 is overexpressed.  
 
One beauty of the Drosophila genetics system is the many resources that are easily available. A 
P-element is a transposable element that upon insertion into the DNA can result in a phenotypic 
change expressing from its newly expressed genotype. Each P-element has an observed 
phenotypic change upon insertion into the DNA. We will utilize P-element mutant stocks from 
the Exelixis stock collections (https://drosophila.med.harvard.edu/) to both potentially identify 
candidate genes as well as to utilize the FRT containing P-elements to make custom deletions.  
Based on epithelial tube morphogenesis similarities, we can use Drosophila melanogaster as a 
model for vertebrate neural tube formation. This genetic research will allow us to find the 
enhancer gene to further characterize the Idgf pathway. This is particularly important based on 
the effect of Idgf3 overexpression and its results on dorsal appendage malformation. Through the 
formation of specialized deletions, we will to determine the genetic interactions with Idgf3 to 
determine the gene responsible for anencephaly and spina bifida genetic defects.  
Materials and Methods  
 
Specific Aim 1: To create small genomic deletions within the large region identified as an 
enhancer region for the IDGF3 overexpression dorsal appendage phenotype. We will then screen 
each small deletion for the enhancer phenotype to narrow down to our gene of interest.  
 
Procedure 1:  
 
The Parks et al (2004) protocol was followed to create small deletions within the large enhancer 
region on the 3L chromosome (BSC449) of Drosophila melanogaster. Within the BSC449 
region, there are ~50 genes over a span of ~300 kilobases. Within this deletion there are many 
potential enhancer genes that could be responsible for the interaction with Idgf3. The possible 
genes within the BSC449 enhancing region include many coding regions with either known or 
unknown function that can be placed in the Idgf pathway. Genes of known function that can be 
placed in the Idgf pathway include: sfp77F (seminal fluid protein), fng (glycosylase), sems 
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(serine protease), and a handful of non-protein-coding genes. The specialized deletions should 
give us insight into the potential genetic interactions with Idgf3.  
 
The crosses began with the identification of specific P-element insertions to design the small 
deletions. Then, female Drosophila melanogaster containing the Hs-Flp; !"
#$%&'
	gene was mated 
with differing male flies containing a specific P-element insertion. It was important to make sure 
that the heat-shock flip Drosophila melanogaster were virgin females. It was important to ensure 
that the flies were virgins so that there are no other specific chromosomes passed down that 
could cause misinformation regarding the genotypic change. 
 
Virgin flies only remain virgins for roughly 8-10 hours after eclosure. We identified virgin 
females by their size, color, and presence of a meconium. Virgin females are much larger than 
their adult counterparts. They also do not possess the dark coloration of the adult female flies. 
Both of these aided in distinguishing a virgin female fly from her mature counterparts. The most 
obvious distinction, however, was the presence of the meconium. The meconium is a dark-
green/brown spot on the abdomen of the female upon eclosure. The meconium is the last meal 
the fly had as a pupa before eclosure. By paying attention to all of these characteristics it was 
possible to determine a female flies’ virginity in order to begin crosses 
(http://depts.washington.edu/cberglab/wordpress/outreach/an-introduction-to-fruit-flies/).  
 
The female virgins were then combined in the same vials with the males of the differing 
genotypes in order to produce the desired male progeny. These Drosophila melanogaster stocks 
come from either Exelixis, of Harvard University (https://drosophila.med.harvard.edu/), or 
Bloomington, of the University of Indiana (https://bdsc.indiana.edu). Stocks that were chosen 
from Exelixis were as follows: f00494, d08122, d08140, d02785, and e01220. Stocks from 
Bloomington included: 33821, 26901, 19007, 10712, 29747, 7758, and 18901. The first product 
of the cross resulted in males with the flippase gene, and the P-element with Tm3Sb on their 3rd 
chromosomes. From there we continued to follow the cross schematic designed by Dr. Casad in 
order to obtain the desired genetic deletion (Figure 3). There were five crosses performed in 
order to observe the deletion in response to differing P-elements. The Hs-Flp virgin females were 
combined with males from the following stocks to begin the first step in each cross: d02785, 
d08122, d08140, 18901, and f00494. 
 
We performed the crosses illustrated in Figure 4A (Parks et al., 2004). FLP-FRT deletions occur 
when short FRT recognition target sites are recombined by the recombinase flippase enzyme. 
This occurs with heat-shock driven FLP recombinase – in the presence of heat, triggering the 
expression of flippase enzyme. Due to specific recognition sites, a specific deletion occurs within 
the P-element insert in the genome. For our experiment, two P-element transposons were placed 
in the trans position in the presence of the heat-shock protein. The potential small deletions 
become present in the genome after five generations of crosses. The deletions can be confirmed 
by polymerase chain reaction (PCR). We worked to create potential, specific, genetic deletions in 
order to determine the causative gene interaction with the Idgf3 enhancer.  
 
By creating these genetic deletions we wished to determine the genetic interactions with Idgf3 to 
determine the gene responsible for anencephaly and spina bifida genetic defects. Drosophila 
melanogaster is a living organism so there were issues throughout the experiment. Issues 
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included failure of the flies to mate, flies dying within the yeast-containing tubes, and failure of 
the crosses to be produced as we predicted. When such issues arose, it was important for us to 
attempt to determine the issue. For any crosses that appeared to produce a phenotype different 
than expected, we performed the cross again to either corroborate the data or to determine if 
some form of contamination with another P-element-containing fly was somehow added to the 
desired cross. It was also important to keep an eye on the yeast-fly vials in order to make sure the 
crosses were healthy and reproducing. One of the more prominent issues was the female flies’ 
ability to store sperm after mating. This resulted in possible crossing of genotypes and 
production of deletions that were not desired for the experiment. To avoid this, it was beneficial 
to remove adult flies prior to eclosure of the progeny. This ensured that upon eclosure, all female 
flies were virgins. We expected that with time and generations of crosses a small genomic 




To determine the correct production of the deletion, PCR would be performed. We would isolate 
genomic DNA by homogenizing 5-10 flies. The PCR would be set up similarly to the Parks et al, 
2004 protocol (Figure 4B). This entailed the creation of PCR primers using genomic DNA from 
insertion sites from FlyBase, its tools, and other bioinformatic assistants 
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). Primers were made homologous to the XP, 
RB, and WH transposons (Figure 4B). To ensure that the segment was formed intact, we created 
both a genomic and transposon-specific primer. As seen in Figure 4B, this would allow the 
separation of the transposon from the gene, allowing us to determine its length. This would 
confirm the genetic interactions of the deletions within the overall gene. Controls included the 
individual transposons in order to compare the size of the deletions we observed.  
 
Specific Aim 2: To screen the individual P-elements and smaller deletions for genetic 
interactions.  
 
Procedure to screen small deletions:  
 
The phenotype was observed to conclude if the P-element mutants themselves have an 
interaction with Idgf3. To observe the individual P-elements for interaction with Idgf3, virgin 





.   
Cy2 is an oogenesis-specific driver (Goentro et al., 2006) which allowed us to observe the effects 
of overexpressed Idgf3 on the dorsal appendages. The progeny either received the UAS-drive 
containing third chromosome or the third chromosome balancer with the stubby bristle 
phenotype. This phenotypic change resulted in stubby bristles on the dorsal side of the fly. The 
phenotype of stubby bristles was observed to conclude if the P-elements themselves have an 
interaction with Idgf3. The no-driver-phenotype, lack of stubby bristles progeny were the 
controls.  
 
The P-element insertions were observed in the context of the UAS/Gal4 overexpression and 
compared to the overexpression alone and the wildtype dorsal appendage phenotypes. This was 
done by observing the egg chambers of the flies during dorsal appendage morphogenesis. To 
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observe the dorsal appendage morphological features, we collected eggs from egg laying-plates 
and observed the dorsal appendages as described below (Peters and Berg, 2016). 
 
In order to harvest eggs, egg laying-plates were made from the following recipe (apple juice agar 
egg-laying plates includes 2.25 g of agar, 75 mL of distilled water, 25 mL of apple juice, and 2.5 
g of sucrose). We used 10 cm in diameter petri dishes. The 100 mL of solution made 10 plates. 
Allowed the agar time to cool and solidify. Stored the plates at 4°C.  
 
When preparing eggs for viewing, we chose non-virgin females from the desired cross and 
placed them in a plastic vial. We placed the plastic vial on top of one of the fruit juice agar egg-
laying plates with a spot of yeast in the center of the plate. The yeast ensured that the flies 
remained happy and laid lots of eggs. This helped the flies lay eggs on the plate, rather than 
staying towards the top of the tube. We made sure that when the vial was placed on top of the 
plate that it was not sealed to the plate. There needed to be enough air flow for the flies to remain 
alive. Researchers can loosely set the vial on the plate and secure it with tape so it does not fall 
over (Figure 5A). The egg chambers were observed during stage 10 or 11 of Drosophila 
melanogaster development. For the procedure, it was important to put the eggs in a 25°C 
incubator for proper development (Peters and Berg, 2016). Once female flies laid their eggs on 
the plate, it was possible to observe the dorsal appendages of the eggs (Figure 5B).  
 
For the egg washing procedure, we placed the adult flies from the cross back in their respective 
stock vial. The washing liquid was made from distilled water and a 10x embryo wash, (7% NaCl, 
and 0.5% Triton-x-100 solution). Micropipettes were used to wash the eggs from the agar plate. 
1000 uL of the 1x solution was used at a time to gently wash over the eggs to remove them from 
the plate. We continued to use 1000 uL solution at a time until the eggs were removed from the 
plate. We placed the removed eggs along with the solution into a LB broth tube. Allowed the 
eggs to settle to the bottom of the tube. Next, removed the supernatant from the tube, leaving 
only the eggs.  
 
To prepare the slides for viewing, we added 1000 uL of 100% glycerol to the tube containing the 
eggs. Due to the higher viscosity of the glycerol, we cut off the very tip of the pipette tip to allow 
for greater mixing and easier uptake of the glycerol and egg solution. We gently mixed the 
glycerol with the eggs. We micro-pipetted the egg and glycerol mix onto a glass slide. Next we 
carefully placed a glass coverslip over the eggs and glycerol to prevent spilling of the solution 
and movement of the eggs. Finally, we added clear nail polish around the edges of the coverslip 
to preserve the integrity of the slide and prevent the eggs from moving. The dorsal appendages 
were then viewable under a microscope.  
 
This procedure was important because it allowed us to view the dorsal appendages when Idgf3 
was overexpressed. We compared positive and negative controls from our collaborators to 
corroborate any results her lab found. We expected to find that the small deletion, or P-element 
insertion line from the enhancer region, in the context of Idgf3 overexpression, would result in 





Creation of Small Genomic Deletions:  
 
Our first goal of this research was to create small genomic deletions within the large region 
identified as an enhancer region for the dorsal appendage phenotype. This was done based on the 
Parks et al., 2004 protocol (Figure 4A). We progressed to the fourth step of the cross, but did not 
complete the final steps to confirm any deletions. Deletion 1 (Figure 3) was the cross that is most 
advanced. It is in stage 4 (Figure 4A) of the crossing scheme (Parks et al., 2004). The male 
progeny containing the two P-elements underwent heat shocking in an effort to recombine the 
DNA. This included four consecutive days of one-hour heat-shocking at 37°C. There is only one 
male progeny remaining that contains the two P-elements for deletion 1. He is being utilized to 











 (Figure 4A). Deletion 2 (Figure 3) was 
in the same stage as deletion 1, but within the last week all of the male progeny containing the 
two P-elements died, resulting in a loss of the cross and small deletion. Deletion 1 will produce 
an eye color change from red to white if DNA recombination occurs (Figure 3).  
 
Other small deletions are also in the works of being created. Other crosses that are currently in 
the works include crosses 4 and 5 (Figure 3). Each of these crosses are in stage 1 of the Parks et 
al., 2004 protocol with virgin females with the genotype Hs-Flp; !"
#$%&'
	×	P-element males 
(Figure 4A).  
 
PCR primers were created for the P-elements that are furthest along in the crossing scheme. The 
P-elements in each cross will serve as a control. The P-elements that were used to create the 
control primers were d02785, 18901 and e01220 from deletions 1 and 2 (Figure 3). These 
primers were made utilizing the genomic sequence from FlyBase (Thurmond et al., 2019) and 
NCBI’s Primer-BLAST technology (Ye et al., 2012). The primers will provide a baseline for 
fragment sizes in order to determine if and where deletions occurred (Table 1).  
 
P-element Screens:  
 
Each individual P-element has been screened at least once in the context of IDGF3 
overexpression. The UAS-overexpression without any additional p-element is the positive 
control, while the balancer chromosome-containing flies with no overexpression represents the 
negative control. Due to the number of egg laying females collected, we have more data for 
observation than others, leading to different sample size values (n) for each P-element. The 
control stocks have included the overexpression of UAS, Canton S, and w1118 stocks. The 
percentage of normal, moderate, and severe dorsal appendage phenotypes through screening thus 
far have not corroborated our collaborators results. The percentage of moderate and severe dorsal 
appendage phenotypes have been 18% (n=231), 7% (n=121), and 5% (n=86) respectively for 
UAS-Idgf3, Canton S and w1118 (Figure 7, Table 2A&B).  
 
Each P-element has shown both moderate and severe phenotypes in the screens. Similar to the 
controls, each P-element has a majority of normal dorsal appendage phenotypes. The P-elements 
being screened include: e01220, 18901, d02785, 27947, and d08140. The percentage of 
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moderate and severe dorsal appendage phenotypes are 4% (n=52), 5% (n=118), 21% (n=208), 




Creation of Small Genomic Deletions:  
 
Deletion 1 (Figure 3) is in the final stage of crosses (Figure 4A). The male is the progeny of the 
heat-shock phase and thus should theoretically have recombined DNA. Once the male and 
female progeny from this stage are produced, we will take the eclosed male progeny isolate and 
freeze their DNA and run PCR gels utilizing the primers we designed (Table 1). After deletion 2 
died (Figure 3) we lost all the progeny and will have to begin the deletion from the beginning in 
order to create the genomic deletion and run PCR.  
 
We began deletions in the first week of winter quarter, but had issues that slowed the progress of 
the deletions into the spring. The most prominent issue has been the flies' yeast food. Frequently, 
the food has gotten wet and moldy within a couple days of fly introduction and has either 
drowned the flies or prevented egg laying. It has also drowned previously laid eggs and 
prevented their eclosure. This was most prominent in the progeny of deletion 2 (Figure 3). Many 
eggs containing the heat-shocked progeny were laid, but they were drowned in the food and 
never progressed in their life cycle. This was disappointing as it takes many weeks to create the 
deletion. We also have had many flies drown in the food that were in stage 2-3 of the deletion 
scheme (Figure 4A). This has limited the number of deletions in stage 3-4 and why we only have 
deletion 1 (Figure 3) as the most progressed deletion.  
 
We are unaware of why the food continues to become wet and moldy. We do not prepare our 
food but rather receive it from our collaborators. It is possible that they have a source of 
contamination that has resulted in the food going bad sooner than anticipated. It is also possible 
that we have a source of contamination. It is possible that the carbon dioxide plate that we utilize 
to transfer the flies from vial to vial is contaminated with bacteria or other pathogens. The rate 
the food has gone bad could also be due to the fact that we are placing the crosses in a 30°C 
incubator. It is possible that the extra heat has exacerbated any underlying issues and sped up the 
rate of food decay. This appears plausible because while the food stored at room temperature 
also suffers from these issues, it takes longer for it to occur than the vials in the 30°C incubator.  
 
Another issue we have had was a break in time spent in the lab. We also had flies in stage 2-3 
that were made prior to the break in lab procedures that proceeded more rapidly than we 
expected. Upon return to the lab they had second generation progeny. These and the first 
generation progeny could not be utilized as the females can store sperm which could result in 
illegitimate propagation of the desired genes. This resulted in a need to restart that deletion 
scheme.  
 
Deletion 1 and other deletions that are in stage 1 should hopefully be completed in the next few 
weeks. The crosses that are currently in stage 2-3 should hopefully be completed prior to lab 
mates continuation and departure in the beginning of July and PCR run. This is assuming we do 
not continue to run into issues.   
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P-element Screens:  
 
The P-element screens have been progressing over the course of the year. Apart from the control 
stocks, the Exelixis and Bloomington stocks were chosen due to their location near genes in the 
region of interest.  
 
Some fly stocks have been better at producing progeny in the 24 hour procedure than others. 
This can be seen in the total sample size. There is a wide range of sample sizes with the UAS 
control having the largest sample size (n=231), and d08140 with the smallest sample size (n=34) 
(Table 2). Within this overall wide range lies the other P-elements. Due to the large range in 
sample sizes, we cannot fully determine the dorsal appendage malformation phenotype 
percentages. This is because larger sample sizes allow for a greater level of confidence in the 
results, while a smaller sample size is not determinant of the P-element as a whole.  
 
The UAS overexpression phenotype does display some variation within the dorsal appendage 
phenotypes with 17.32% (Table 3) moderate or severe malformations. However, our results have 
not corroborated the results of our collaborators. Based on their findings, we expected the 
overexpression to produce approximately 50% malformations but our data does not support that 
finding. However, our results do show that there is a connection between UAS overexpression 
and dorsal appendage malformations.   
 
Both the w1118 and Canton S controls have not resulted in much differentiation of malformation 
phenotypes. This could be due to the smaller sample sizes of w1118 (n=86) and Canton S (n=121) 
(Table 2). There are malformation phenotypes in each of these controls but neither has shown 
significant malformations at 5% and 7% respectively (Table 3). We will be showing our data, 
including controls, to our collaborators who are experts at the dorsal appendage phenotype. 
While there appears to be a link between their overexpression and dorsal appendage 
malformations, it does not to be as significant as UAS overexpression.  
 
Each individual P-element has shown a dorsal appendage malformation phenotype when crossed 
with the IDGF3 overexpressed. The P-elements with the greatest amount of malformation 
phenotypes have been d08140 (19%), d02785 (18%) and 27947 (11%) (Table 3). These results 
illustrate that the individual P-elements are having an interaction with dorsal appendage 
morphogenesis causing malformations. Based on these results it could be interpreted that d08140 
has the greatest interaction with the dorsal appendages. However, d08140 has the smallest 
sample size of the P-element screens (n=34) which limits the confidence that we can place in 
these results (Table 3). To determine d08140 interaction with the dorsal appendages we would 
need to screen more dorsal appendages during morphogenesis. The same could be said for 27947 
because it also has a smaller sample size (n=76) (Table 3). Thus far d02785 does appear to have 
an interaction with dorsal appendage morphogenesis that results in malformation phenotypes 
(n=208) (Table 3). In order to more confidently determine each P-element interaction with dorsal 
appendage malformation we will need to screen a greater number of overexpressed-genotypes to 
increase the sample sizes.  
 
Our results support the hypothesis that there is an interaction between Idgf3 and a gene in the 
large deletion causing an enhancer phenotype pieces of DNA that results in the dorsal appendage 
malformation phenotype. More research must be done in order to determine the gene responsible 
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for the interaction. If that gene is determined we can look for implications in humans in order to 
determine the gene responsible for anencephaly and spina bifida.  
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Figure 1: Illustration of epithelial tube formation. C) corresponds to D. melanogaster and D) 
corresponds to vertebrates. The red cells illustrate nervous system tissue, while the blue cells 
















Figure 2: Modifying screen found three interactions of Idgf3 on the dorsal appendage formation. 
As illustrated, the enhancing of Idgf3 resulted in a high number of the most severely defected 




































Orange arrows are symbolic of stocks being crossed.  
 
Figure 3: Cross Schematic – Pink results in an observable eye color change due to the 
orientation of the P-element, while blue does not result in an eye color change. The pink and 
blue bars represent the small deletions between the two stocks. The yellow bars represent the 


























Figure 4: A) Implementation of hs-FLP recombinase to create specific small deletions. B) 
Transposon combinations that can be confirmed with PCR. Primers were designed either from 























Figure 5: (A) Egg-laying plate layout. Female and male flies are placed in the tube while yeast 
is placed on an apple juice agar plate to entice egg laying behavior. (B) Drosophila 
melanogaster eggs that have been collected following the egg-plate laying procedure. Images 
are viewed at 10x magnification. Dorsal appendages can be observed for defect. Examples of 
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Figure 6: Examples of dorsal appendage mutations. A) Corresponds to dorsal appendages 
displaying the wild-type phenotype. B) Corresponds to a moderate severity mutation. C) 




Figure 7: Graph displaying the dorsal appendage phenotypes of each P-element overexpression 
screen. w1118, UAS, and Canton S are the control stocks. The green represents normal dorsal 
appendage phenotypes, the gray represents the moderate malformation phenotype and red 
represents the severe malformation phenotype. Data for w1118, UAS, Canton S, and 27947 were 


































Comparison of P-element Dorsal Appendage Phenotypes to 
Determine Malformations
Normal DA Moderate Malformation Severe Malformation
n =          86 231                 121                    52                    118                208                   76 34 
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Table 1: Primers Utilized for Hybrid and Two-sided PCR 
P-
element  




d02785 CGGCTAACATCATGGCTTGC CTTCAATGTGCGCGTAGTGG d02785/e01220 1.8 kb 
e01220 TAAGGAGCTCCAGGCCACAG GTTGCCTATCGTGGCGAGA e01220/18901 6.1 kb 
18901 CTAGACGGTTTGGCCTTGACT CTGCCTCGCATAATTTCCTCG See above See above 
 
Table 1: Primers that will be utilized for hybrid and two-sided PCR based on the Parks et al., 












Table 2A: Dorsal Appendage Count for Each P-element  
 w1118 UAS Canton 
S 
e01220 18901 d02785 27947 d08140 
Normal  82 191 112 50 113 172 67 27 
Moderate 4 27 8 1 3 23 7 5 




86 231 121 52 118 208 76 34 
 
 
Table 2B: P-element Screen Percentage (%) of Each DA Phenotype  
Phenotype w1118 UAS Canton S e01220 18901 d02785 27947 d08140 
Normal  95.35 82.68 92.56 96.15 95.76 82.69 88.16 79.41 
Moderate  4.65 11.69 6.61 1.92 2.54 11.06 9.21 14.71 
Severe 0 5.63 0.83 1.92 1.69 6.25 2.63 5.88 
 
Table 2: A) Individual P-element dorsal appendage phenotype counts to determine results. B) 









Appendix A: Faith Statement  
 
I have always been a believer in Christ. Due to this fact, I wanted to go to a university that would 
allow me to continue and strengthen my relationship with God. At SPU I found a group of 
wonderful friends and believers to walk through life with. I found a church that I love in Mosaic 
Community Church, and have begun to seek a deeper relationship with God.  
 
I am a Christian and also a scientifically-minded scholar. I am pursuing a Bachelor’s of Science 
in Cellular and Molecular Biology with a minor in Chemistry. As the name suggests, there is not 
much room for “gray area” thinking or faith to be inserted into the discussion. As George 
Marsden argues in his chapter, “The Positive Contributions of Theological Context” in The 
Outrageous Idea of Christian Scholarship, spirituality provides our lives with a purpose but our 
scholarship should not be solely reduced to our theological beliefs. Due to this fact, he first 
points out a contradictory view known as “Methodological atheism”. Methodological atheism is 
a belief that “in these [empirical] fields means that humans and their cultures have to be regarded 
as nothing more than the products of natural processes” (Marsden, 1997). Methodological 
atheism views the world around us simply as something to be observed empirically, rather than 
something to explore in order to learn the intricacies of Creation. It implies that theology should 
not be involved in the sciences because it implies there is some outside source determining the 
world that we will never be able to understand. I would disagree with this view.  
 
Rather than holding a belief that science and faith cannot interrelate, I choose to believe in what 
Marsden calls “methodological secularism”. This allows for the study of natural phenomenon 
while not denying the spiritual dimension and their creation by God (Marsden, 1997). As a 
scientist, I choose to believe that God is Creator and is responsible for the universe, our world, 
and natural laws. I am someone who chooses to believe in the data that supports the theory of 
evolution and the ability for us to learn about the world through observation and study. I do not 
view this as going against God’s Creation, but becoming closer to God through understanding 
Creation. Marsden states, “[w]ith spiritual eyes we can see God speaking in the beauties of 
nature and in the beauties of Christ manifested in our neighbors” (Marsden, 1997). I believe that 
God gave us the ability to learn, think, and pursue knowledge not for the good of ourselves, but 
so that we can understand His beauty and love for the world. We may not always be able to 
understand the intricacies, as “there are immense dimensions of reality which we have only the 
dimmest awareness” (Marsden, 1997), but as a Christian scholar it should provide a sense of 
awe, rather than frustration, as it illustrates the complexities of the world God created. Marsden 
is not the only author to point out that scientists have frequently separated faith from their 
scholarship. Jon. H Roberts and James Turner in their chapter “The Emergence of the Human 
Sciences” in their book The Sacred and the Secular University also point out this false 
viewpoint. 
 
Roberts and Turner argue that many Christian scientific thinkers saw the shift of intellect as 
focusing less on the divine and rather as “a comment on the mode of divine activity rather than 
the denial of its existence” (Turner and Roberts, 2000). As a Christian scientist, I feel like I 
would best fall into this category. I believe that studying biology is a way to understand the 
physical world around us and provides insight and appreciation into God’s creation. Science and 
faith are not exclusive. They both complement each other. The God of the Bible is also the God 
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of the genome evolution. I believe that God can be found both in church and in the laboratory. I 
think that there is room for God in science. I believe He created our world in such a way that we 
can discover more about Him through science. Rather than thinking of the two as mutually 
exclusive, I think that investigating the world God has created around us that it is actually a 
means of worship. 
 
I feel called to pursue a career in the healthcare field. This calling towards helping others led me 
to choose the volunteering opportunity, major, and research I have throughout my years here at 
SPU. The way I have chosen to pursue this calling while in school has been through my 
volunteer work with Rock Steady Boxing in Seattle, a preventative progression program for 
people with Parkinson’s Disease (PD). This experience has been the most rewarding and life-
giving thing I have taken part of in my time in Seattle. Some valuable lessons I have learned 
include the hardships of neurodegenerative diseases, how to help those with PD, and how best to 
support their loved ones. More importantly, I have learned what it means to provide happiness, 
hope, and laughter to those who have lost it. I have learned what it means to become not only 
friends, but family with strangers. I have frequently had picnics with Pete, given Sam rides 
home, and become the “adopted grandchild” of José, attending his Christmas and birthday 
parties. I have learned that just because someone is sick and dying does not mean that their life 
has any less value; but instead teaches us how to respond to those situations and individuals with 
happiness and love.  
 
My honors project focuses on the genetic mechanism responsible for two neurodegenerative 
diseases: spina bifida and anencephaly. Utilizing the evolutionarily related similarities between 
fly dorsal appendage formation and vertebrate neural tube formation we can manipulate the flies’ 
genetics in order to translate the effects to humans. The discovery would have larger implications 
for the enhancement of the medical field. If we can determine the gene responsible for dorsal 
appendage malformation, we can determine the gene responsible for anencephaly and spina 
bifida genetic birth defects in humans. It has been a blessing to see how basic research in fruit 
flies can lead to advances in the medical field with potentially direct effects to help human 
patients.   
 
 
